Geographic Accessibility to Clinical Trials for Advanced Cancer in the United States
Clinical trials yield critical evidence to guide the care of patients with cancer. According to commonly used practice guidelines, "...the best management of any cancer patient is in a clinical trial." 1 Nonetheless, only about 2% to 7% of US adult patients with cancer participate in clinical trials. 2 Poor accrual to clinical trials has far-reaching implications in the way it affects the pace of progress, cost of drug development, and generalizability of study findings.
Prior studies exploring trial enrollment have identified several barriers. 3 However, geographic barriers to participation in clinical trials remain underexplored. A survey of patients with cancer revealed that most were not willing to travel for trial participation. 4 We sought to estimate the geographic accessibility of clinical trials for advanced cancer in the United States.
Methods | Data regarding clinical trials and associated sites were derived from ClinicalTrials.gov. 5 We identified all actively accruing trials that evaluated first-line treatments for metastatic breast, prostate, colorectal, and non-small cell lung cancers. Inclusion was limited to these malignant neoplasms because they are the most commonly diagnosed and most frequent causes of cancer death in the United States. Institutional review board approval was waived by Icahn School of Medicine at Mount Sinai.
ClinicalTrials.gov was queried on September 16, 2012, and 227 trials associated with 5011 sites met the criteria for inclusion. The 1-way driving time from each US zip code to the nearest breast, prostate, colorectal, or non-small cell lung cancer trial site was calculated using MapPoint 2013 (Microsoft Corporation). Calculations for each cancer type were performed with each zip code in the contiguous United States as the point of origin and the zip code of the nearest trial site as the destination.
The proportion of patients with metastatic breast, prostate, colorectal, or non-small cell lung cancer residing within x minutes of the nearest trial site was calculated by weighting each origin zip code by the estimated proportion of the total number of people in the United States with metastatic cancer represented within that zip code. Because data regarding the geographic distribution of patients with metastatic disease in the US are not available, we used cancer-specific mortality data (wonder.cdc.gov) to approximate the number and distribution of patients with metastatic disease because most of these patients die of their illness; cancer-related deaths are uncommon at earlier stages of disease.
Results | We found that 45.6%, 50.2%, 52.2%, and 38.4% of patients with metastatic breast, prostate, colorectal, and nonsmall cell lung cancer, respectively, would need to drive more than 60 minutes 1 way to access a clinical trial site (Table) . The Mountain, West North Central, and West South Central regions were generally associated with the longest travel times (Figure) .
Discussion | We found that clinical trials for advanced cancer have poor geographic accessibility for many people in the United States. According to a 2010 Institute of Medicine report, "Sites for clinical trials are frequently selected on the basis of where the investigators are located, as opposed to where the patients are, creating difficulties in patient recruitment." 6(p21) There are limitations to our analysis. The minimum travel time that affects the decisions that patients with cancer make about their care is not known. Patients living in metropolitan and rural areas may value travel time differently. We likely underestimated travel time, and many patients will not meet eligibility criteria for the trial that is nearest to them. We also examined the most common cancer types; for rare cancers, trial accessibility is likely worse. We limited our analysis to metastatic cancers. Although Methods | The NHDS is a nationally representative annual probability sample of discharges from hospitals in all 50 states. 3 We included all hospital discharges of patients 18 years or older, excluding patients transferred to other hospitals, discharges against medical advice, discharges without a destination coded, or hospital lengths of stay more than 31 days (together, <7% of all discharges). We used NHDS definitions for discharge to home or a care facility.
Rise of Post-Acute Care Facilities as a Discharge Destination of US Hospitalizations
We evaluated trends in discharges to PAC facilities as well as length of stay over the 15-year period, then calculated relative percentage changes for each year, using 1996 rates as a baseline. To account for the aging of the population, all trends were age-adjusted by the US Census population in 2003 (www.census.gov). The derived age-specific estimates for each individual year were weighted to reflect the age distribution in 2003, the midpoint of our analysis. Analyses were conducted using SAS statistical software (version 9.3; SAS Institute Inc) and graphics created in R (R Foundation for Statistical Computing). The study received approval by the Colorado Multiple Institutional Review Board (COMIRB).
Results | The study population included 2.99 million sampled patient discharges, representing approximately 386 million discharges nationally during the 15-year study period. The proportion of hospitalizations resulting in discharges to PAC facilities increased from 9.2% in 1996 to 13.7% in 2010 (a 49.0% relative increase), while the proportion of discharges home decreased from 90.8% to 86.3% (a 5.0% relative decrease) (Figure 1) . This corresponds to an absolute increase of 1.67 million discharges to PAC facilities in 2010, or 1.2 million more discharges to PAC facilities in 2010 than if the rate from 1996 had remained the same through 2010, adjusted for changes in the census. The mean length of stay decreased over this time pe-riod for patients being discharged to PAC facilities from 8.8 to 7.8 days; the trend for patients discharged home was 4.6 to 4.1 days (Figure 2 ).
Discussion | Discharges to PAC facilities rose nearly 50% over the 15 years, resulting in 1.2 million more discharges to PAC facilities in 2010 compared with 1996 rates. Concurrently, hospital lengths of stay progressively decreased, particularly for discharges to PAC facilities.
There are several potential explanations for these findings. Medicare's prospective payment system may have influenced other payers leading to "quicker and sicker" discharges, 4 and penalties for 30-day readmissions (currently assessed for readmissions from the community but not from PAC facilities) may have had the unintended consequence of increased 
